Abstract Patients with severely elevated creatine kinase (CK) concentrations are commonly referred to rheumatologists to evaluate for the presence of an idiopathic inflammatory myopathy (IIM). However, no studies have evaluated the frequency with which IIMs are encountered in this clinical scenario. The Vanderbilt Synthetic Derivative, a de-identified copy of over 2 million patient records, was searched to identify adult patients with a CK greater than 1000 IU/L who had been evaluated by a rheumatologist. Each patient was assigned a diagnosis using a pre-determined algorithm. The records were then reviewed for pertinent demographic data and clinical characteristics. A total of 192 patients were included for analysis. Of these patients, 105 (55 %) were diagnosed with an IIM. The non-IIM causes were drug/toxin exposure (n = 16, 8 %), infection (n = 12, 6 %), trauma (n = 10, 5 %),myocardial injury (n = 5, 3 %), hypothyroidism (n = 4, 2 %), muscular dystrophy (n = 4, 2 %), neuropsychiatric disorder (n = 3, 2 %), metabolic myopathy (n = 2, 1 %), idiopathic CK elevation (n = 11, 6 %), and other diagnoses (n = 20, 10 %). Several characteristics were found to be significantly different between IIM and non-IIM cases. In particular, patients with an IIM were more likely to be female, have a positive ANA, have interstitial lung disease, and have proximal, symmetric weakness. This study found that approximately half of patients referred to our division of rheumatology with a CK greater than 1000 IU/L were diagnosed with an IIM. Given the importance of prompt diagnosis and treatment of these disorders, rapid assessment by the consulting rheumatologist for these patients is recommended.
Introduction
Creatine kinase is an enzyme primarily found in muscle tissue that catalyzes the conversion of creatine and adenosine triphosphate (ATP) into phosphocreatine and adenosine diphosphate (ADP). This reaction is reversible and thus phosphocreatine serves as a rapidly available source of ATP. When muscle is stressed or inflamed, the sarcoplasmic membrane becomes permeable and leaks cytosolic enzymes like creatine kinase into the bloodstream [1] .
The differential diagnosis of an elevated CK concentration is long and complex. Musculoskeletal trauma, myocardial injury, infections, and drug-induced myositis are the most common causes encountered in general clinical practice [2, 3] . However, there are many other endocrinologic, neuropsychiatric, neuromuscular, metabolic, and rheumatologic etiologies that must be considered when CK concentrations are severely elevated [4] [5] [6] [7] [8] [9] . Due to the complexity of distinguishing between these disorders, patients with elevated CK concentrations are often referred to rheumatologists for further evaluation.
The primary rheumatologic causes of elevated CK levels are the idiopathic inflammatory myopathies (IIMs), a group of diseases characterized by abnormal inflammation in muscle tissue. Disorders generally considered to be a part of the clinical IIM spectrum are dermatomyositis (DM), polymyositis (PM), inclusion body myositis (IBM), overlap syndromes, and necrotizing myopathies. Patients may also be classified according to myositis-specific or myositis-associated antibodies such as the antisynthetase antibodies [10] . Patients with DM or PM often have high CK concentrations, usually more than tenfold and sometimes up to 50-fold the upper limit of normal values [10] . Patients with necrotizing myopathies often have even higher CK concentrations than patients with DM or PM, while patients with IBM typically have lower CK concentrations, usually no greater than 12 times the upper limit of normal. It should be noted that in 5-10 % of DM or PM patients the CK can be normal, often in the context of long-standing disease in which the muscles are thought to be too atrophic and destroyed to release a large amount of CK [10] [11] [12] .
To our knowledge, no previous studies have reviewed the prevalence of IIMs in patients with markedly elevated CK concentrations who have been referred to rheumatology for consultation. There is also a lack of knowledge about the features that distinguish patients with an IIM versus a non-IIM etiology in this specific referral population. Therefore, we reviewed cases referred to rheumatology at our medical center with a CK greater than 1000 IU/L with the purposes of better defining the differential diagnosis and clinical characteristics of these patients and to determine if any clinical or laboratory parameters could be used to distinguished patients with IIM from those who present with other conditions.
Materials and methods
Data collection was performed using the Vanderbilt Synthetic Derivative, a de-identified copy of over 2 million patient records. This database was searched for records with a CK concentration greater than 1000 IU/L and the word Brheumatology^in a clinical note, problem list, discharge summary, clinical communication, or letter. The cut-off of 1000 IU/L was chosen in order to remain consistent with the existing literature reviewing the causes of severely elevated CK concentrations in a general adult population [2, 3] , and also because in our experience, a CK concentration greater than 1000 IU/L is often concerning enough to other providers to prompt a rheumatology referral, even in the absence of other clinical features of an IIM.
The records were then screened further to include only those in which a rheumatologist had evaluated the patient. Patients were excluded if they were younger than 18 at the time of the CK elevation greater than 1000 IU/L, if the rheumatology consultation was unrelated to the elevated CK (i.e., a patient followed by rheumatology for rheumatoid arthritis who suffered a myocardial infarction between rheumatology clinic visits) or if there was not enough data or follow-up to reach an adequate diagnosis. These criteria identified 192 patients for inclusion in the final analysis (Fig. 1) .
Using a pre-defined algorithm, cases were first evaluated to determine if they met the Bohan and Peter criteria for PM or DM or the Griggs criteria for IBM [13] [14] [15] . Cases not meeting these criteria were then evaluated for a clinical diagnosis of overlap syndrome, necrotizing myopathy, PM, DM, IBM, or an unspecified IIM. The remaining cases were then reviewed for an alternate cause of elevated CK levels. These cases were grouped into the following categories: trauma, myocardial injury, infection, drug or toxin exposure, endocrine disorders, neuropsychiatric disorders, neuromuscular disorders, metabolic myopathies, or idiopathic CK elevation. These categories were chosen based on published review articles on the differential diagnosis of IIM and severely elevated CK levels [4] [5] [6] [7] [8] [9] . Cases that could not be classified in the above categories were labeled Bother.^To ensure consistency and accuracy of case classification, a second reviewer independently analyzed 10 % of records included in the final analysis.
Each record was manually reviewed for pertinent demographic data, past medical history, and clinical characteristics. CK concentrations were recorded as the peak level achieved during the initial rheumatologic evaluation. Data were also collected on the location of the initial rheumatology evaluation (inpatient versus outpatient), duration of symptoms, motor and skin exam findings, the presence of interstitial lung disease by imaging or pulmonary function tests, serum creatinine levels, liver function tests, antinuclear antibody levels, anti-Jo-1 antibodies, electromyography findings, and muscle biopsy results.
The study protocol was designated as non-human subject research by the Vanderbilt IRB. Data are presented as median and interquartile ranges for continuous or as frequencies and percentages for categorical variables. We compared clinical variables between patients with IIMs and those without using Fisher's exact andWilcoxon rank sum tests for categorical and continuous variables, respectively. All statistical analyses were conducted 
Results
A total of 192 patients were included for analysis. Of these patients, 105 (55 %) were diagnosed with an IIM and 87 (45 %) were diagnosed with a non-IIM etiology ( Table 1) . The number of patients meeting Bohan and Peter criteria for DM was 24 (24/192 = 13 % of all included subjects), with 12 (6 %), 11 (6 %), and 1 (<1 %) patients meeting criteria for definite DM, probable DM, and possible DM, respectively. The number of patients meeting Bohan and Peter criteria for PM was 41 (21 %), with 11 (6 %), 18 (9 %), and 12 (6 %) patients meeting criteria for definite PM, probable PM, and possible PM, respectively. Only one patient (<1 %) met the Griggs criteria for IBM, and this patient was further classified as having definite IBM. There were 39 patients diagnosed with an IIM that did not meet the Bohan and Peter or Griggs criteria. The majority of these patients were diagnosed with an overlap syndrome (n = 28, 15 %). The remaining IIM patients were clinically diagnosed by the consulting rheumatologist with PM (n = 3, 2 %), a necrotizing myopathy (n = 2, 1 %), or an unspecified IIM (n = 6, 3 %).
The most common non-IIM etiology was drug or toxin exposure (n = 16, 8 % of all 192 included subjects). Thirteen of these cases were attributed to statin exposure, one to cocaine use, one to crushed intravenous opioid use, and one to a combination of a statin, ezetimibe, itraconazole, and rocuronium. Infections accounted for 12 non-IIM cases (6 % of all 192 included subjects). The majority of these cases were due to an unspecified severe viral infection or a bacterial infection with bacteremia and severe sepsis. Trauma accounted for 10 (5 %) cases and myocardial injury accounted for 5 (3 %) cases. Hypothyroidism was the only endocrinologic etiology encountered in this study, accounting for 4 (2 %) cases. Neuromuscular disorders accounted for 4 (2 %) cases. All of these were muscular dystrophies with two cases of fascioscapulohumeral dystrophy and two cases of x-linked recessive muscular dystrophy. Neuropsychiatric disorders accounted for 3 (2 %) cases with one case of neuroleptic malignant syndrome, one seizure, and one case of serotonin syndrome. There were 2 (1 %) cases of a metabolic myopathy. Idiopathic CK elevation accounted for 11 (6 %) cases.
Finally, there were 20 (10 %) cases placed in the Bother diagnoses^category that were unable to be classified elsewhere. Within this category, there were three cases of a suspected metabolic myopathy but without enough symptoms to warrant pursing a formal diagnosis, two cases of graft-vshost disease causing myositis, two cases of severe acute gout with a concomitant elevated CK of unclear significance that self-resolved, two cases of a steroid-responsive disorder that could not be definitively classified as a rheumatologic disease, two cases of malignancy and concomitant elevated CK but without evidence of a paraneoplastic IIM, one case of a severe rheumatoid arthritis flare, one case of rheumatoid vasculitis in combination with a non-ST segment myocardial infarction, one case of macrophage activation syndrome, one case of macro-CPK type 1, one case of critical illness myopathy and polyneuropathy, one case of hypoperfusion and calciphylaxis in a patient on hemodialysis, one case of post-partum cardiomyopathy leading to cardiogenic shock and hypoperfusion, and two cases with combinations of infection, musculoskeletal trauma, and/or drug toxicity that could not be easily placed in one category.
In comparing the demographic data of the IIM versus non-IIM cases (Table 2) , patients with IIMs were younger (median age 47 versus 55, p = 0.04) and more likely to be female (68 % versus 40 %, p < 0.001). Both groups were predominantly Caucasian (60 % versus 67 %, p = 0.65). Regarding pertinent past medical history, patients with IIM were less likely than non-IIM patients to have cardiac disease like ischemic heart disease, heart failure, or hypertension (31 % versus 61 %, p < 0.001), renal disease (3 % versus 16 %, p = 0.002), or a history of statin use (12 % versus 26 %, p = 0.02). There were no statistically significant differences in the percentages of IIM versus non-IIM patients with a past history of rheumatoid arthritis (7 % versus 6 %, p = 1.0), systemic lupus erythematosus (6 % versus 3 %, p = 0.52), other rheumatologic diseases (8 % versus 7 %, p = 1.0), diabetes (12 % versus 20 %, p = 0.23), pulmonary disease (18 % versus 25 %, p = 0.29), or malignancy (8 % versus 15 %, p = 0.16). There were 34 cases of IIM who had a pre-existing diagnosis of an IIM at the time of CK elevation greater than 1,000 IU/L. There was one case of a patient with a pre-existing diagnosis of IIM who had a non-IIM etiology of a CK greater than 1000 IU/L. This patient had previously received a diagnosis of IIM at another facility and had been treated as such for this condition; however, in this study, the patient was classified in the Bother diagnoses^category as he was found to have patchy muscle atrophy of unclear etiology and without any clear evidence of inflammatory muscle disease. Furthermore, he had no clinical weakness. Documentation from the medical records indicated that this patient had a possible occult metabolic myopathy that was not sufficiently symptomatic to justify pursuing more testing.
There were several statistically significant differences in the clinical characteristics of the IIM patients versus non-IIM patients. Patients with IIM were more likely to have proximal, symmetric muscle weakness (72 % versus 11 %, p < 0.001), have evidence of interstitial lung disease (19 % versus 5 %, p = 0.002), be seen in clinic as opposed to the inpatient setting (78 % versus 44 %, p < 0.001), receive systemic corticosteroids prior to the initial rheumatology evaluation (38 % versus 16 %, p = 0.001), and have a duration of symptoms longer than 6 months (54 % versus 29 %, p < 0.001). Note that the duration of symptoms was not able to be determined in 16 (15 %) IIM and 6 (7 %) non-IIM patients. There was not a statistically significant difference in the median CK levels of IIM patients and non-IIM patients 
The median alanine transaminase levels of IIM patients were significantly higher than non-IIM patients (116 IU/L versus 64 IU/L, p = 0.009); however, there was no statistically significant difference in aspartate transaminase levels (122 IU/L versus 90 IU/L, p = 0.17). Note that alanine transaminase levels were unknown in 13 (12 %) IIM and 20 (23 %) non-IIM patients, and aspartate transaminase levels were unknown in 12 (11 %) IIM and 19 (22 %) non-IIM patients. The serum creatinine levels were lower in IIM patients than in non-IIM patients (0.69 mmol/L versus 1.17 mmol/L, p < 0.001). Note that serum creatinine levels were unknown in 13 (12 %) IIM and 8 (9 %) non-IIM patients. Antinuclear antibodies of a titer greater than or equal to 1:40 were more common in IIM patients than non-IIM patients (54 % versus 24 %, p < 0.001), and anti-Jo-1 antibodies were only found in patients with IIM (11 % versus 0 %, p = 0.001).
Discussion
In this study, over half of the patients referred to rheumatology with CK concentrations greater than 1000 IU/L was diagnosed with an IIM. This suggests that patients with a large CK elevation without an obvious non-IIM cause can benefit substantially from rheumatologic evaluation. Furthermore, it is important for rheumatologists to expedite clinical assessment of patients referred for this indication, as delays in diagnosis and treatment have been shown to lead to worse outcomes in some IIM patients [16, 17] .
As discussed earlier, patients who had already been diagnosed with an IIM and later developed a CK level greater than 1000 IU/L were included in the final analysis. This was done because not all CK elevations in patients with IIM are due to the underlying disease and clinicians must be diligent to rule out other causes of myositis when this scenario is encountered. However, in 34 of 35 of these cases, the CK elevation was indeed attributed to IIM activity, and it could be argued that this created a higher than expected percentage of patients in the IIM category. Taking this into account, a sensitivity analysis in which 35 cases of pre-existing IIM were removed from the cohort showed that the percentage of patients with CK elevations due to IIM would decrease to 45 % and patients with non-IIM etiologies would increase to 55 %.
The most striking distinguishing feature between the IIM and non-IIM cases was proximal, symmetric muscle weakness. This feature was present in 76 (72 %) IIM patients and only 10 (11 %) non-IIM patients. In reviewing the 29 cases of IIM that did not have proximal, symmetric weakness, 14 patients were diagnosed by the consulting rheumatologist with an IIM or overlap syndrome due to clinically evident features of the antisynthetase syndrome (i.e., arthritis, mechanic's hands, interstitial lung disease), systemic lupus erythematosus, or scleroderma. Three of the 29 patients first presented with respiratory symptoms and interstitial lung disease, three patients were already known to have IIM and developed an elevated CK without concurrent symmetric, proximal muscle weakness, and one patient was diagnosed with IBM, which is known to present with both proximal and distal asymmetric weakness. Only eight (8 %) IIM patients presented without symmetric, proximal weakness and any of the above distinguishing features. On the other hand, 10 (11 %) patients with non-IIM diagnoses presented with symmetric proximal muscle weakness. Three of these patients were diagnosed with statin-induced myositis. One of these patients had a muscle biopsy without mention of widespread necrosis to suggest autoimmune necrotizing myopathy. The other two patients were followed for 1 and 4 years without recurrence. Of the remaining non-IIM patients with symmetric proximal weakness, two were diagnosed with muscular dystrophy, two were attributed to trauma complicated by an underlying neurologic disease (multiple sclerosis and polyneuropathy) that explained the proximal weakness, one patient had severe hypothyroidism with a TSH with a thyroid stimulating hormone level of 76, one patient had a self-limiting episode of myositis that was felt to be viral in etiology, and one patient had an isolated elevation in CK with a suspected metabolic myopathy but a normal muscle biopsy.
Taken together, these findings emphasize the importance of clinical features such as proximal muscle weakness, interstitial lung disease, or features of an overlap syndrome or antisynthetase syndrome when considering an IIM as the cause of a markedly elevated CK concentration (Fig. 2) . Other distinguishing features found to be significantly different between IIM and non-IIM patients like age, gender, location of consultation, duration of symptoms, medical comorbidities, antinuclear antibodies, and anti-Jo-1 antibodies can then be used to raise or lower clinical suspicion.
Statin-associated muscle symptoms have an estimated incidence of 1 to 5 % in most randomized clinical trials [18, 19] . However, true statin-associated myopathy with a significant elevation in creatine kinase is rare [20] . In this enriched cohort of patients with CK levels greater than 1000 IU/L referred to rheumatology, statins were labeled as the cause in 13 (7 %) patients. The diagnosis of statin-associated myopathy was primarily based on the temporal relation of the onset and resolution of myositis with statin exposure and withdrawal, respectively. Thus, while statin-associated myopathy is rare, it is a relatively common diagnosis in the scenario examined in this study. It should also be noted that 13 of the IIM patients had a history of prior exposure to statins. Each of these patients had persistent CK elevation and weakness despite discontinuing the statin, and none were restarted on a statin after the diagnosis of IIM was made. Only one patient had a biopsy with features suggestive of a statin-induced autoimmune necrotizing myopathy.
This study has some limitations. First, all patients were treated at a single medical center and therefore the findings could have been influenced by local referral practices. For example, there were very few neuromuscular disorders and metabolic myopathies found in this cohort, likely because these patients were sent to neurology without obtaining a rheumatology referral. This practice could be different in other medical centers. In addition, the study was a chart review so data were recorded for clinical purposes. As mentioned above, some patients had missing data on liver function tests, creatinine levels, and duration of treatment. Furthermore, only anti-Jo-1 antibodies were available in this cohort but other myositis specific antibodies, and antiHMGcoA antibodies are relatively new and currently are sendout tests in our institution; therefore, they were not recorded in the Synthetic Derivative database.
In conclusion, this study found that approximately half of patients referred to rheumatology with a CK greater than 1000 IU/L was diagnosed with an IIM. Given the importance of prompt diagnosis and treatment of these disorders, rapid assessment by the consulting rheumatologist for these patients is recommended. Furthermore, when evaluating patients with severely elevated CK concentrations, clinicians should be aware that in the absence of symmetric proximal muscle weakness, interstitial lung disease, or features of an overlap or antisynthetase syndrome, an IIM is less likely to be the cause of the elevated CK.
